doublings (PDs) in culture. This block to cell growth
mice were crossed to produce the second generation double null group, G2. Matings within the same generation of mTR deficiency produced the subsequent generation as indicated. I and II refer to the two separate groups of mice studied. G1 and G2 mice underwent carcinogenesis protocols at the same time in group I, while G3, G4, and G5 mice were studied together in group II. mTR ϩ/ϩ INK4a Ϫ/Ϫ mice were used as a positive control comparison during carcinogenesis studies for group I and group II.
has been referred to as senescence by analogy to the are modulators of the pRB and p53 pathways, respectively (reviewed in Sherr, 1998 
INK4a
Ϫ/Ϫ tumors arising spontaneously or induced after al., 1996; see Experimental Procedures). To compare more precisely the cancer incidence of mTR ϩ/ϩ INK4a Ϫ/Ϫ carcinogenesis. In all tumors tested (five fibrosarcomas and three B cell lymphomas), telomerase activity was mice with that of the G1-G5 mTR Ϫ/Ϫ INK4a Ϫ/Ϫ mice, mice generated during the same period were monitored in detected at levels greater than those observed in nontransformed NIH 3T3 fibroblasts (for representative exparallel ( Figure 1B ). In the first study (Figure 2A Figure  4C ). Both telomere length and cytogenetic profiles in the 1.8% signal-free ends (Figures 5C and 5D ) and 1 fusion (Table 1) (Table 1) . Telomere lengths also decreased in 2 of 3 mTR subclones (7.4 and 7.5, Table 1 The TFI per telomere was determined in the program Metawas the latest generation of telomerase-deficient INK4a Ϫ/Ϫ mice to morphTM by circling cy3 intensities that corresponded to telomeric be followed, as we were unable to obtain G6 animals due to infertility positions on the DAPI image of the chromosomes. The number of associated with late-generation mTR knockout mice. Tumor studies probes hybridized per telomere was determined by dividing the TFI involving two-step carcinogenesis protocols were performed as preof each telomere by the experimentally determined TFI per probe viously described (Serrano et al., 1996).
value and then by the number of planes restored in the PDF (Femino et al., 1998). Telomerase Assays TRAP assays were performed with the TRAPezeTM kit (Oncor) as
